CIHM 
Microfiche 


(lUlonographs) 


iCIMH 

Collection  de 

microfiches 

(monographies) 


Cana^an  Iratitut*  for  Historical  IMicroroproductions  /  Institut  Canadian  da  microraproductions  hiatoriquas 


! 

Tschntcal  and  tiMiOffraphie  NetM/NetM  tachniquM  mt  bibliogrsphi^uM 


I  Th«  Institut*  has  attempted  to  obtain  the  bast 

I  original  copy  available  for  filming.  Feature*  of  this 

copy  which  may  b*  bibliographicaily  uniqua. 

which  may  attar  any  of  tti*  imagas  in  tha 

;  reproduction,  or  which  may  significantly  change 

the  usual  method  of  filming,  are  checked  balow. 


L'Institut  a  microfilm*  la  matllaur  exempiaira 
qu'il  lui  a  M  possible  da  s*  procurer.  Las  details 
da  eat  axamplaire  qui  sont  peut  Atre  uniques  du 
peiftt  da  vua  bibliographiquo.  qui  peuvent  modifier 
une  image  reproduite.  ou  qui  peuvent  axiger  une 
modification  dans  la  mithoda  normale  de  filmsge 
sont  indiquAs  ci-dassous. 


Coloured  covers/ 
Couvertura  da  coulatir 


0 Covers  damaged/ 
Couvartur*  andommagAa 

□ Covers  rastorad  and/or  laminated/ 
Couvertura  rastauria  at/ou  pallicuMa 

□ Cover  title  missing/ 
Le  titre  de  couverture  manque 

□ Coloured  maps/ 
Cartes  gAographiques  en  couleur 

□ Coloured  ink  (i.e.  other  than  blue  or  black)/ 
Encre  de  couleur  (i.e.  autre  que  bleue  ou  noiret 

□ Coloured  plates  and/or  illuatrations/ 
Ptanehea  at/ou  illuatrations  an  coulaur 

□ Bound  with  other  matariai/ 
RafM  avae  d'autraa  doeumants 

□ Tight  binding  may  causa  shadows  or  distortion 
along  interior  margin/ 

La  re  liure  sarrea  paut  causer  da  I'ombra  ou  da  la 
diatorsion  la  long  do  la  margo  intiriaura 

□ Blank  leaves  added  during  restoration  may 
appear  within  tha  text.  Whanavar  poaaibla.  thaaa 
have  bean  ominad  from  filming/ 
II  se  peut  que  eertaines  pages  blanches  ajoutAes 

lors  d'une  restauration  apparaissent  dans  le  texte. 
mais.  lorsque  cela  Atait  possible,  ces  pages  n'ont 
paa  M  fHm«aa. 

Pagination  is 

E Additional  comments:/  La  pagination 

Commantairaa  suppt«mantairas: 


□ Coloured  pages/ 
Pagoa  do  coulaur 

Pagea  damaged/ 
Pages  endommagiaa 

□ Pages  raatorad  and/or  laminated/ 
Pages  raataur«aa  at/ou  pailieuMaa 

E Pages  discoloured,  stained  or  foxed/ 
Pages  d*coior*es.  tachatAaa  ou  piquAas 

□Pages  detached/ 
Pages  ditachees 

Showthrough/ 
Transparence 

□ Quality  of  print  varies/ 
Qualite  inAgale  de  ['impression 

□ Includes  supplementary  material/ 
Comprend  du  material  supplementaire 

□ Only  edition  available/ 
Seule  Edition  disponible 

□ Pages  wholly  or  partially  obscured  by  errata 
slips,  tissues,  etc.,  have  been  refilmed  to 

ensure  the  best  possible  image/ 
Les  pages  totalement  ou  partiellemant 
obscurcies  par  un  feuillet  d'errata.  une  pelure, 
etc..  cnt  M  fitmaes  a  nouveau  de  facon  a 
obtanir  la  maillaura  image  possibta. 

as  follows:  p.  [401J-404. 
est  comme  suit:  p.  [401]-404. 


This  item  is  filmed  at  the  reduction  ratio  checked  below/ 

Ca  document  est  film*  au  taux  da  rMuetion  indiqu*  ei-daaaeua. 


I  1 

12X 

aox 

24X 

28X 

32X 

Th«  copy  filmed  hare  has  b««n  reproduced  thanks 
to  tha  goMroalty  of: 


University  of  Toronto  Archives 


Tha  images  eppearing  hare  are  tha  bast  quaNty 
poaaible  considering  the  condition  end  legibility 
of  the  original  copy  end  in  Iteeping  with  the 
fUming  eontrMt  specif  Icationa. 


Original  copies  in  printed  paper  covers  are  filmed 
beginning  with  the  front  cover  and  ending  on 
the  last  page  with  a  printed  or  Illustrated  impres- 
sion, or  the  beck  cover  when  eppropriete.  All 
other  originel  copies  are  filmed  beginning  on  the 
first  page  with  a  printed  or  illustrsted  impres- 
sion, and  ending  on  ttte  lest  page  with  a  printed 
or  itiuatrated  impreeeion. 


The  last  recorded  frame  on  each  microfiche 
ahall  contain  the  symbol  — ^  (meaning  "CON- 
TINUED"), or  the  symbol  ▼  (meaning  "END"), 
whichever  epplies. 

Mapa.  plates,  charts,  etc.,  may  be  filmed  at 

different  reduction  ratios.  Those  too  large  to  be 
entirely  Included  In  one  exposure  are  filmed 
beginning  in  the  upper  left  hand  corner,  left  to 
right  and  top  to  bottom,  as  many  fremea  dk 
required.  The  following  diagrams  illustrate  the 
method: 


I 


L'«nmpiair«  f  ilm«  f  ut  raproduit  erics  i  la 

— —  * — *  ■  *  -*  — . 


University  of  Toronto  Archives 


Lea  Imagaa  auivantes  ont  M  raproduitas  avac  la 

plus  grand  soin,  compta  tanu  da  la  condition  at 
da  la  nattat«  da  I'axamplaira  film*,  at  an 
conformM  aveo  lea  eonditiona  ihi  eontrat  da 
filmaga. 

La«  exemplairas  orlglnaux  dont  la  couvartura  an 
papiar  ast  imprlmte  sont  filmis  an  comman9ant 
par  la  premier  plat  at  en  terminent  soit  per  ie 
derniire  page  qui  comporte  una  amprainta 
d'impraasion  ou  dlNuatration.  toit  par  la  second 
plat,  salon  la  cas.  Tous  las  autres  examptairea 
originaux  sont  filmis  an  commandant  par  la 
premiere  pege  qui  comporte  une  empreinte 
dtmpreaaion  ou  d'lllustratlon  et  en  terminent  per 
la  demltre  pege  qui  comporte  une  telle 
enipfeifite. 

Un  des  symbolea  auivanta  appereftre  aur  la 
derniira  Image  da  chaqua  microfiche,  salon  la 
cae:  la  symbole  — »•  signlfie  "A  SUIVRE",  Ie 
aymbole  ▼  eignifie  "FIN". 

Lee  eertes,  plenches,  tableaux,  etc.,  pauvant  Atra 
Wmis  ii  des  taux  da  reduction  diff^rants. 
Lorsqua  Ie  document  eat  trop  grand  pour  ttre 
reproduit  an  un  seul  cllch«.  11  eet  film«  i  pertir 
de  i'engle  supirieur  gauche,  de  gauche  i  droite, 
at  da  heut  en  bes,  en  prenant  la  nombra 
d'imagas  necassaira. 'Lee  diegrsmmee  euhMnta 
illuatrant  Ie  mithode. 


2 

3 

5 

6 

UNIVERSITY  OF  TORONIO 
STUDIES 

MEDICAL  RESEARCH  KI  ND 


No.  lo:  A  SUGGESTION  AS  lO  THE  CAUSE  OK  THE 
LESSENED  PRODUCTION  OF  INUOL  IN  MEDIA  CON- 
TAINING GLUCOSE,  Bv  Annie  Hombk 


THE  UNIVERSITY  LIBRARY:  PUBLISHED  HV 
THE  LIBRARIAN,  1917 


Qniveisu?  ot  Toronto  StuOice 

COMMIITEE  OK  MANAGEMENT 


Chminnan    Sir  Robert  Alexanuek  Fauonkk.  U1..U.,  K.C.M.I.. 

President  of  the  University 

Profbssor  W.  J.  Alexander,  Ph.D. 
Propessor  VV.  H.  Ellis,  M  A  .  M  l) 

Profk'^s.-'h  ;    I    M\iKK\/i:    I!. A  ,  M.Ii. 

Pkoi  KNsoK  1    P  Mi..MiKi(u  n,  Pir.n 

Professor  O.  H.  Neeplbk,  Ph.D. 

Professor  Gkori;k  M.  Wrong,  M..\ 

Gtneral  Editor:  H   H.  I.ancton,  M  A. 

Librarian  of  the  Universitv 


[run  THB  JOUBSAt  OF  HYQIENE.  Vuu  XV.  S«.  3.  Octo.*.  »,  WW]- 


A  SUGGESTION  AS  TO  THE  CAUSE  OF  THE 
LESSENED  PRODUCTION  OF  INDOL  IN  HEDU 
CONTAININa  GLUCOSK 

By  ANNIE  HOMKR. 
Lait  Medicid  Ruenrch  Fellou;  I' iiivermtij  nj  Tomnln. 

(F  m  the  Laboratories  oj  the  Umveriiti)  <>/  Tonmto.) 

In  the  Kniish  Medici  Journal,  Dec.  18,  1915,  there  i>  a  letter  by 
Mr  beiiians.  in  which  he  refers  to  the  Toxic  Bodies  of  the  Bacillus  of 
Maliguant  Oedema,  and  discusses  the  production  of  aromatic  bodies 
by  the  action  of  bacteria  on  proteins.  He  also  speculates  as  to  tlie 
cause  of  the  lessened  production  of  indol  in  peptone  culture  media 
conti.inin<r  plucose,  glycerine  and  other  similar  bodies.  As  the  meUbohc 
activities  of  some  bacteria  decompose  these  subsUnces  with  the  produc- 
tion of  acid,  Mr  Beniaiis  woiid ts  wiiether  it  is  this  acidity  which  so 
modifies  the  action  of  the  proteolytic  ferment  that  cultures,  which,  in 
the  ordinary  course  of  events  are  very  fon!  remain  sweet  when  glucose 

is  present.  . 

In  this  coiuu-etiou  the  following  observationr  nay  be  of  interwt 
even  though,  owing  to  unforeseen  difficulties,  the  *oric  as  originally 
planned  is  not  yet  completed. 

The  experimental  work  detailed  in  this  communication  was  under- 
taken with  the  object  of  ascertaining  to  what  extent  tryptophane  is 
■decomposed  bv  various  organisms  into  indolpropionic  and  indolacetic 
acids  and  into  indol  and  skatol.  The  organisms  were  grown  on  a 
synthetic  medium  containing  trjptophane  and  the  production  of  the 
decomposition  products  of  tryptophane  was  detected  colorimetncally 
by  means  of  the  nitrite  and  the  p.  dimethyl  amidobenxaldehyde  tests. 

In  a  previous  communication  I  have  shown  that,  in  order  t»  apply 
these  colorimetric  teats  for  the  presence  of  indol,  skatol,  indolacetic  and 
indolpropionic  acids,  it  is  necessary  to  subject  the  hquids  containing 
them  to  a  preliminary  process  of  sqMnatlon.   Bxtiactionof  theaolmkma 
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with  ether  will  remove  the  icrfaUe  indol,  tkmtei,  indolMetie  uid  iadol- 

prippiiiiiic  acids  from  theetlii-r  initnliihle  iryptophane.  A  further  separa- 
tion may  be  etieeted  by  gteain  distillatiim  of  the  ether  extract  indol 
and  gicatol  b«ing  carried  over  in  the  Hteam  whereas  indolacctic  and 
indol|m>{ttoBic  Acida  remain  behind.  The  individiwls  of  theee  pain 
can  be  diitinKoished  from  each  other  aa.  fortunately,  they  i^ve  dHIraent 
reactiiiiis  with  the  rDlorinietric  reaRents  employed. 

Two  Hvntht'tic  media  were  etnployed,  the  one  A  containing  the 
nfccs.'Wiry  iiiitiient  saltH,  I  "„  of  Kel"*'"*'  ^  tryptophane, 

the  other  B  containing  in  addition  1  %  of  glucoae. 

After  ateriliaation  the  tubes  containinir  the  media  were  inocnlated 
with  aa  many  strains  of  aerohic  or^ramsnis  AH  were  availaUe  and  the 
varioas  indol  products  were  tested  for  rolorimetrically. 

it  was  noticed  that  where  growth  to.')k  phice  it  was  more  liiMiriaiit 
in  the  medium  A  than  in  the  medium  B :  in  fact  in  several  cases  while 
there  was  growth  in  A  there  was  none  in  B. 

It  was  also  observed  that  the  indol  or  indolacetic  acid  production 
by  the  various  organisms  was  fjreater  in  A  than  in  B.  This  phenomenon 
may  be  due  to  one  of  two  causes:  eitl.i-r  that  the  organisms  find  it 
eauer  to  derive  their  energy  from  the  decomposition  of  glucose  than  of 
tryptophane,  or  else  that  the  glucose  by  chemicaUy  reacting  widi 
trvptophane  produces  a  substance  or  subaujnces  not  so  readily  useful 
as  is  tryptophane  for  bacterial  metabolism. 

The  chemical  reactions  involved  in  the  formation  '  f  iiui.;',  .skatol, 
iudolpropionic  and  indolacetic  acids  from  tryptophane  necessitate  the 
preliminary  removal  of  the  amino  (NHf  )  group  from  the  ride  chain  of 
the  molecule  thus: 

cufiasBfiOon  -ch/m/xx)h 

\/\^  \/\y 

N  N 
Tryptopbuie  Indolpropkmic  Mid 

/\  CH/X)OH  -   CH,  ^  — 

'\/\/  \/\/ 
N-  N  N 

Iiidcilaiftir  iKliI  Skatol  Indol 

Now,  it  has  l)eeu  shown  that  the  'idiuio  group  of  tryptophane  will 
readily  react  at  l>i>dy  temperature  with  the  carbonijl  group  of  ui  aldehyde 
or  of  a  ketone  to  form  colourless  compounds  of  the  type : 


A.  HoNn 
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 cBfxamfxon  ^"•\c_o-'^^  

Tlieic  coniiMiuiuls,  nf  whirh  several  have  been  iaoUted  aixi  <>l  which  » 
few  have  be.  ii  unalvMcd  (Hoiiu  i,  Biochem.  Jmirn.  1913,  vii,  HH),  arc  Im 
teadily  attacked  bv  various  clicinical  renKt'iitH  than  tiyiitoplmne  itself. 

1  therefore  vmture  to  luggest  that  in  the  inediuiii  containing  gluciMV 
there  is  lenened  indol  produetkm  beoauM  uf  the  fonuatiou  of  a  glucoM- 
trvptophane  eorapltx  which  ia  not  so  readily  attacked  aa  trjrptophana 
alone.  Moreover,  in  a  medium  in  which  the  tryptophane  is  rendered 
ohemicaUy  unaoitabie  for  bacterial  (leooiii|M>»ition  there  is  iinpHire.l 
growth  of  the  oiganisnia  became,  once  the  tryptophane  io  inactivated, 
gelatine  alone  cannot  be  regarded  aa  a  w^^6du^my  rabatitate  for  (he 
protein  constituent  of  a  culture  medium.  Qelatine  lacks  trjrptofriMae, 
a  substance  which  Hopkins  and  Willcock  (Jmtm.  Pkyiiol.  XXXV  "^j 
and  Osborne  and  Mendel  {Jmirn.  Bwl.  ('hem.  litll.  xvii  iVi."))  ■  >. 
ahown  to  be  necessary  for  the  maintenanc    ♦  the  life  of  tin  imliviujui. 

It  was  further  notieed  that  in  the  course  of  the  stenhsiition  the 
colour  of  B  became  more  intense  than  that  of  A,  and  further,  during 
the  iiicubatiim  period  the  intensity  of  colour  of  both  media  became 
more  marked  :  A  becominn  yellow  while  B  bociinie  dark  brown,  ulnumt 
black,  owing  to  the  formation  of  the  so-called  "  humin-like"  substances. 
This  intense  browning  of  the  colour  was  a  special  feature  of  the 
tryptophane-glucose  combination  as  it  did  not  take  place  in  the  media 
containing  tryptophane  and  gelatine  hut  no  glucose,  nor  did  it  occur 
in  media  conUining  glucose  iind  gelatine  but  no  tryptophane. 

Jlow,  tryptophane  and  other  indol  compounds  and  pyrrol  tlerivatives 
by  virtue  of  their  »m«»o  (-NH-)  group  will  readily  react  with  the 
ciirhoniil  group  of  aldehydo-  or  keto-compounda  to  form  condensation 
products  of  intense  colour.  The  tryptophane  and  other  indol  complexes 
of  this  type  vary  in  colour  from  yellow  or  red  to  brown  or  black  (Homer, 
loe.  «'<.).  Their  constitution  has  not  yet  been  determined  but  the 
available  data  seem  to  indicate  that  at  least  two  indol  nuclei  are  involved 
in  the  condensation.    Thus  in  the  rase  of  indol : 

Type  II.       2CgH,N  +  5HCH0  =  C5,iH„0,N,  +  2H,0.  . 

The  compounds  of  this  type  are  maricedly  stable. 


■,=rjenskr..  ■ 
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From  these  considerations  it  is  probable  tliat  the  production  of 
the  "hnmin-Iike"  substance  characteristic  of  the  glucose- tryptophane 
medium  B  is  due  to  the  fonnation  of  an  intensely  coloured  compound 
of  Type  II  by  the  diemieid  intnraction  of  giucoie  and  tryptoplume  or 
of  glucose  and  the  preriously  mentitmed  glnooM-tiyptoi^uuie  complex 
of  Type  I. 

We  thus  see  that  in  a  liquid  culture  medium  containing  glucose 
and  substances  such  as  peptone,  which  on  hydrolysis  give  rise  to 
tryptophane,  there  is  the  possibility  of  the  formation  of  two  types  of 
condensation  products  between  glucose  and  tryptophane.  The  formation 
of  a  compound  of  what  I  have  designated  Type  I  is  probably  responsible 
for  the  lessened  production  of  indol  and  other  foul  smelling  indol 
substances  and  the  formation  of  substances  of  Type  II  is  probably 
the  cause  of  the  darkening  during  sterilisation  and  incubation. 
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